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This inveniion relates 10 a rafrigeration system and
more particularly to a mechanica; refrigeration system of
the adsorption type {or use in providing temperature con-
trol for spacecraft components.

In the designing of spacecraft the problem of tempera-
ture control for spacecraft com.ponents is one of critical
importance, It is particularly a problem in the designing
of spacecraft which are intended {0 be attitude-oriented
in flight so as to constantly present one side towards the
sun for relatively long periods of time. The extreme
temperatures which result from the incident solar radia-
tion may reach levels which are sufficient to render many
of the spacecralt components, stch as the telemetry and
communications systems, sensors, and the like, inoperative
unless compensating measures are taken. While tech-
niques have been devised to contend with this problem,

{or example, the technique of providing various sur-
faces with different degrees of reflectivity and insulation
to protect against the incident sunlight, these generally
provide only a passive or limited measure of control and
are inadequate for proper cooling.of components. Con-
sequenty, if adeguate cooling is to be obtained, a system
of refrigeration which will provide an active control

“means is required. For use in spaceflight it is desirable
that such a system does not require aux iliary heating ap-
paratus for energizing the system and that it be capable
of providing for continuous refrigeration, It is also neces-
sary that the system will operate effectively in a ZeT0
gravity environnient,

Refrigeration systems of the compression type are gen-
erzally undesirable for wse in spacecraft since they are
relatively complex and require many moving parts, On
the other hand, the conventional refrigeration systems of
the adsorption type, while reliable and simple, are not
suitable for use in zero gravity eavironmeut since such
systems generally employ a float chamber to separate the
Yiquid and gaseous phases of the working fluid which, of
course, would operate unsatisfactorily in a zero gravity
environment. These systems also generally require that
heat be provided to the systera by such means as the com-
bustion of a hydrocarbon gas, or the like, which would
be particularly undesirable for use in a spacecraft for such
obvious yeasons as the problem of Iong-term operation,
the added weight requirements, complexity, and the ad-
ditional hazard. Relrigeration systems have been de-
vised which utilize solar radiation for gnergizing the sys-
tem and comprise intermittent operating units which op-
erate alternately to produce refrizeration, but these prior
ait systems generally operate in accordance with the cycle
of night and day or the frunsit of the sun, and include no
means for alternating ithe cyelic pu;oﬁ without the re-
guirement of auxiliary heating or cooling systems. In

5
addition, these systems rely on the presence of graviia-
tsenal force for effective operation.

The refrigeraticn system of this invention is an im-
proved adsorption type system utilizing the application
of solar radiation to provide heat for generation of refrig-
erant. The system comprises a pair of adsorber-generator
vessels which are mounted on the spacecraft in a manner
so as fo present one of their sides to solar radiation input
while opposite sides of the vessels are ¢xposed to biack

sky. A pair of shutter or louver systems operated by
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thermostatically controfled smechanisms are also provided
on the spacecraft and mounted so as {0 be adapted to
alternately shade the vessels from solar radiation. When
one of the vessels is exposed to sunlight, refrigerant is
driven off from adsorbent material therein and directed
through a valve means 1o a condenser and evaporator for
cooling a spacecralt component. The working fluid from
the evaporaldr is then delivered to the sccond ‘adsorber-
generator vessel which is shaded by its Jouver system and
is therefore in a cooled state whereby it is conditioned to
adsorb refrigerant. A constant circulation of refrigerant
to produce refrigeration is therefore effected by adsorp-
tion of refrigerant in the cooled adsorber-generator while
lpfngcrant is driven off from adsorbent material m the
heated adsorber-generator.

The refrigerating process thus continues until most of
the refrigerant is driven form the first vessel and the ad-
sorbent-material in the second vessel becomes nearly sat-
urated. When this occurs, the temperature in the evapora-
tor coil rises and a¢luates a bimetallic device which ther-
mostatically controls solenoid-actuated mechanisms for
closing the shutiers adjzcent the first vessel and opening
the shutters adjacent the second vessel, while at the same
time turning the valve means to a second operating posi-
tion whereby the system is prepared for a reverse circula-
tion cycle of refrigerant.

In the reverse cycle, refrigerant is generated from the
second vessel, delivered throush the condenser and evapo-
rator, and returned for readsorption by the first vessel.
The reverse cycle continves until almost all refrigerant is
driven from the second.vessel and readsorbed by the ad-
sorbent material in the first vessel, whereupon the
thermostat controls will then operate to return the shutters
and valve means 1o their original positions in which the
system is once again conunmmd for the forward circula-
tion cycle.

It will therefore be apparent that the refrigerant system
of this invention will cycle continuously for an indefinite
period and js onc which employs a minimum of moving
parts exposed fo the space environment. It is also a sys-
tem which is p: zrtlcumﬂy adapted for operation in a zero -
ﬁravuy environment zince driving force for the refrigézant
fluid is derived from the difference in vapor pressures of
the refrigérant in the heated and cooled adsorpiion ves-
sels and is therefore independent of gravitational forces.

Other objects and many of the attendant advantages of
this invention will be readily appreciated as the same be-
ccme better understood by reference to the following de-
iailed description when considered in conneciion with the
accompanying drawings in which like reference numerals
designate like parts throughout the figures thereof and
wherein:

FIG. 1 is a schematic diagram of the refrigeration sys-
tem of ihis invention with the adsocber-generators of the
system shown in section, and arrows indicating the direc-
tion of refrigerant flow in the systém and heat radiation
external of the system, and

FIG. 2 is a schematic diagram similar to FIG. 1 of a
prefer: ad embod;ment of the isvention and represents a
modified form of the refrigeration system in FIG. 1.

Referring now more particularly to FIG. 1 of the draw-
ing, the refrigeration system & comprises a pair of ad-
sorber-generators 7 and § which are situated on a space-
craft {not shown) In & manper so as to present one of
their sides to solar razdiation while their oppasite sides
are shaded and exposed to the black sky of Jdzep space.
Each of ihe adsorber-generators comprises a stainless sicei
chamber vessel 9 and 10, respectively, which is partly filled
with a quantity of silica g2l 11 s adsorbent mzterial,

In the refrigeration system 6, the chamber vessels $ and
18 are substantially in the form of cireular cylinders and
each is pronded with a stainless steel tubular screen 12
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and 13, respectively, which is disposed coaxially therein
and extends the lenoth of the cylinder. The porous silica
gel is disposed annularly between the tubvlar screen and
the cylinder wall. One of the propertics of silica gal is
that it is particularly zdsorptive to sulphur dioxide and
other refrigerant gases if maintained at a sufficiently low
temperature.  While silica gel is a preferred adsorbent
material, other solid adsorbents, such as aclivated char-
coal or ch}pr;dcs ‘of the zikaline earth metals, mizht also
be used. Further, the sha pes of the adsorbvr—“encrator
vessels may, “of course, be other than circular cy}mders

uat it is desirable, however, that the shapes of the vessels
bé such that a large surface area of the silica gel within
the vessel is exposed to ihe gaseous cnvironment of the
system to thereby facilitate the adsorption cr generation
of the refrigerant,

A shutter arrangement or Jouver system 14 comprising
a substantially planar arrdngement of shutters is mounted
on the spacecraft adjacent the adsorber-generator 7 in a
posmon to shade or expose the adsorber-generator {o sun-
Jipht in accordance with the closed or open condition of
the shutters. An identical louver system 15 is movnted
on the spacecraft adjacent the adsorber-generator § for
selectively shading or exposing the adsorber-gencrator 8.
These louver systems are desirably fabricated of thin alu-
minum and utilize dry Jubricants to prevent freezing of
their movable parts.

Thé vessel 9 is provided with a single opening or port
at which it is connected 10 a conduit 16 which Jeads to a
two-way valve 17 for selectively communicating the con-
duit 16 with either of a pzir of conduits 18 or 19. The
conduit 18 cennects with the inlet end of a condenser 21
which is shaded and cooled o%tanlly by exposure to dee
space.

In the mttnl operation of the system the silica gel in

n,e

the dsorhu-vcnpr tor 7 is cahstaﬂml‘y saturated with:

sulphur dioxide while there is uesxraUy a low concentra-
tien of sulphur dioxide in the adsorber-generator 8. The
louver system 14 is opsa 30 that thz adserber-generator 7
is exposed to solar radiation and snlphur dioxide is Jdriven
oft from the silica gel therein ana.communicated to the
condenser with the veive 17 in a first operating positian
wherein the conduits 16 znd 18 are in finid communica-
tion. The direction of refrigerant flow i the system for
the initial cycle of overation is indicated in the drawing
by the solid arrows.

The condenser 21 15 comprised of three tubes (22, 23,
and 24) of thin-walled stainless stez] which communicate
at their ends with the inlet and outlet ends of the con-
denser, respectively.  An aluminum finned radiator 26 is
atiached to the condenser to facilitate the dissipation of
heat carried by the refrigerant. On an altitude-oriented
spacecraft the location of the condenser and radiator is
selected se that they will normally be shaded from the sun.

The down-stream end 27 of the condenser is provided
with a wick or porous plug 28 of glass wool, or the like,
which traps the condenszie and prevents the passage of
gascous fluid thronugh the condenser, By wicking action
of the porous plug, the Yguid sulphiur dioxide passes out
of the condenser intec & conduit 29 and through a pres-

alled within the conduit. The

sure reducing valve 31
conduit 29 kads to an evaporator coil 32 wherein the 1iix-

ture of liquid and wet vapor which emerges from the pres-

sure reducing valve 31 e
it is evaporated and <o
extracting heut therefrom.
The working flu

super-heated fiuid throueh xit condml 35 which com-
municztes the fuid to zh adsorption vessel 8. A one-
way ball-tvpe check valve 26 is installed within the con-
dair 35 and controls-the d;rcction of fluid flow through the
conduit in the direction away from the «vaporator. While
the zdsorber-generator 7 is exnosed to solar radiation the
adsorber-generaior 8 is shaded by its assoviated louver sys-
tem and expoied only to the bluck sky of deep space so

TS the evaporator doil where
the spacecraft famfchem by

&
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that it is therefore i = fs?dlwciy cool stafe whereby it is

conditioned to adsorh ihe superheated refrigerant fuid

which crers the vesse! from lhc evuporater. The circula-
tion 6f refriserant b= described will continue until most
of the sulphur di 2 is driven from the adsorber-geni-
erator vesscl 9 and the adsorbent materinl in the vessel 10
becomes nearly saturzizd with the refrigerant.

At this time the temperature in the evaporator coil rises
since .here is only 2 I amount of liguid sulphur diox-
ide which is being zZmitled to the evaporator coil for
cvaporation. At a sufiiciently high temperature, a bi-
metallic device 41 positioned to respond o the changes
of temperature wi ithia ﬂ"e evaporator of the chamber
sur,oundmg it is aciw 1o close nin electiic circuit which
energizes respective noid-actuated controls 42 and 43
to close the shutters ent the adscrber-generator 7
tmd open the shutt djacent the 4c,sovrb°.-g¢ne’fatcr 8.
Simulianeously there a solenoid conirot 44 is ener-
gized by the circuit fo 1o the valve means 17 fo a second
cperaling positon v ¢by the conduit 16 is connected in
communijcation with conduit 19 which connects dt
its other end to the exi: conduit from the cvaporator 2t a

point between the o t end of the ev’morrto* and the
cn°ck valve 35. Th= nwids in the cirenit are elecirical-
1y connected in paral=zi by the clectrical c:'u,l 45 and the
bi-metallic device o < a switch to close the circuit and
cnergize the solene Cne of the cable conductors is
connecied {o a scur rower 45 for the circuit which
may be a dry cell, 1 batltery, or the like.

In the second ¢ z of the valve means 17 which con-
necis conduits 19+ : and by the closed and open con-
ditions of the louver s ¥4 and 15, resppctw..:y, the
systeiil is pxepaxea fo everse ¢irculation eycle of refiig-
erant. The pipi; m for accommodating a reverse
circulation of refr: is provided with a conduit 51
which communica conduit 353 with the conduit 18

a peint between bz ¢heck valve 35 and the n.sorpnon
vessel 8. A che ve E£2, similar to the valve 36, is
installed within the ca=duit 51 and together with the valve
3% determines the Jf a of fluid flow through the con-
duit 51 in a direction = f rom the conduit 35, During
the reverse cycle, th rant sulphur dioxide is gen-
erated fron: the hee rber:generator 8 and delivered
through the conduits ard 18, the condenser 21, and
cvaporator 32, from it is retorned to the adsorp-
tion vessel 9 by way of the conduits 19 and 16 and valve
17. The direction ¢ sefiigerant flow for this cyele of
operaion is indicated in the drawing by the dash lined
arrows,

The solenoid-actuas
ing the shutters an
whereby there will &
and two-way valve
cooled by the evar
ized. This may I
stchet and pawl me
tunted by the solen
and valve.

The rcverse circt

Vo 1

=

rE

=d conlrol mechanisms for position-
Ao-way valve means are designed
no re-positioning cf the shutters’
s as the bi-mefajlic device is
or znd the solencids are de-ener-
complished by use ¢f conventional
mis {not shown) which are ac-
ngers for moving the shutters

"“ (I')

a ¢yvels continves until substan-
tially all ~efrigeran: enn from the vessel 16 and re-
ud>beuJ by the a mcterial in the adsorption ves-
sel 7.7 As occurs’in ib ward cycle, hezting of the evap-
orator then causes wrmpsiat controls {0 operate
reiurn the shutte ans 17 to their o
pz}:}ii@i}& in whic i
for a forward ove

It is to be noted
fluid from the ev

he forward cycle the working
r will pass into 18z adsorptivn
s through the conduis 19 and.
is.closed by the valve 17 and
v the check valve 52 which is
ure communicated theretd from
ss of the reduced pressure fluid
Lunn"' the reverse cycle the b:_d,

2 1 closed condition by the differ-

51 becavse 1he co
the conduit 51 is bl
closed by the fluid ¢
conduit 18 which is in
from the evaporator
valve 36 is mainis
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ence in ﬁmd pressures acling on op pposite sides thereof so
that fioid fiow from the evaporator is directed through Ihc
conduits 19 and 16 to the adscupuon vessel 9,

To avoid the deleterious corrosive effects of sulphur
dioxide, all parts of the refrigeration system which are
exposed to contact with the sulphur dioxide refrigerant
are fabricated of stainless stecl or other materials chem-
ically stable io sulphur dioxide. With other refrigerants,
of course, other metals might be Uﬁ\.d in the conduit
sysiem.

it will therefore be scen that an ﬁdcorpuon type re-
frigeraiion system. is disclosed herein which is- adapted
to provide continuous refrigeration while operating in a
zero gravity environment and which will operate indef-
nitely wilbout the requirement of auxiliary heating appa-
ratus. Fufthermore, separation of the liquid and gascous
phases of refrigerant in the system is accomplished by
a wick means which obviates the need of movable parts
and apparatus of the type which is dependent on grav1—
tational forces for operation..

Although the refrigeration system of this invention is
particularly intended for use on a. spaczcraft which may
be attitude-oriented relative 1o the sug, the system may
also obviously be used in other applications where the
adsorber-generators may be exposed to a heat differential,
and particularly whetever it is desired to use solar radia-

tion as a heat source for eme:gizing an adsorbent type

rurmcranon system:

In FIG. 2 thére is disclosed a prefcrred embodiment
100 of the invention which represents a modification
of the system of FIG. 1. Al of the components in this
system are identical to those in the system of FIG. 1
excepting for the valve means and conduit system for
guiding the fiow of refrigesant. Instead of a two-way
valve this system employs a four-way valve for controlling
the direction of the circulation of refrigerant and also
has the advantage of not requiring the use of check
valves which have a propensity to leakage.

As indicated by the solid arrows in FIG. 2, refrigerant
gener- - ' from the absorber-generator vessel 111 is di-
rectea s Jie condenser 112 by means of conduits 113
and 114 when these are connected in fluid communica-
tion by the four-way valve 115, In this position of the

four-way valve, refrigerant from the evaporator 221 is’

delivered to the second adsorber-generator vessel 122 by
means, of the conduits 123 and 124. As in the system of
FIG. 1, the refrigeration process continues until there is
almost total depletion of refrigerant in the vessel 111
and almost comnh.tc saturafion in the vessel 122, at which
time the thermostat controls (125, 1z, 127, and 128)
operate 1o reposition the louver systems 131 .and 132
adjacent the adsorber-gencrator vessels and at the same
time reposition the four-way valve in the position indi-
cated by the dashed lines in FIG. 2. In these positions
of ths louver systems and valve means the system is
conditioned for the reverse circulation cycle as indicated
by the dash line arrows. Since this system does not
rely on any more than one valve to determine the di-
rection of refrigarant flow in the system, and dces not
réquire check valves, it is preferred over the system de-
scribed in TIG. 1.

To initiate operaticn in space of either of the sysiems
of FiZ5. 1 or 2, the reduction valve in the conduit lead-
ing from ihe condenser s opened from an initally closed
condition by an elecirically actuated squib or <
which may be triggered by an approprizie eomisunica-
tions signal or a timing device.
turs of the adsorber-generator which is exposed to solar
radiation rezches a sufficient level for spiphur dioxide o
be generated therefrom, the opened reduction valve which
is then in 2 permanenily opened condition will permit the
circulztion of the sulphur dioxide to produce refriger-
ation. o
In the installation of the refrigeraticn system ‘of this
invention in a spacecraft, only the adsorber-generaior
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As soon as the tempera-

6

vessels with their associated Iouver systems and the con-
denser need be installed exfernally so that only a mini-
mum of moving parts are exposed to the space environ-
ment. The system is capable of operating continuously
for an indefinite pericd using only solar radiation as the
means for providing heat for the system.

It will therefore be seen that a new and improved
refrigeration system of the type employing a pair of ad-
sorber-generator units is-disclosed herein in which the
aliernating cyclical gencration of refrigerant from the ad-
sorber-generator unils is controlled auvtom: ‘hcally by a.
single control system and réversal of generating and ad-
sorbing units occurs periodically. when there is substan-
tial depletion of refrigerant in the generating unit and
corresponding saturation of the adsorption unit. Since
the system employs a minimum of moving parts and is
not.dependent on gravitational forces for opﬂra{}on, it is
‘particularly ?gapted far operation in a zero-gravily en-
vironment.

Although the means for shading the adsorber-gener-
ator vessels are described as louver sysiems a’rrangPd in
a planar configuration, it is obvious, of course, that other
configurations smtable for effectivi cly shading the adsorb-
er-generator vessels might also be used. - A}so, shading
devices such as pivotal shade panels, ‘or the like, which
are adapied to be operably positioned by thermostat con-
trols, ¢ould be used in lieu of the louver systems.

It should be understood, of course, that the foregoing
disclosure relates only to preferred embodiments of the
invention and that it is intended 1o cover all changes and
modifications of the examples in the invention herein
chosen for the purposes of the discl which do not
constitute departures from the spirit and scope of ths
invention.. What is claimed and desired to be secured
by Letters Patent is:

1. Refrigeration apparatus for cooling components in
a spacecraft which. is adatped to be attitude-oriented in
space flight, said apparatus compiising:

first and second adsorber-senerator vessels each con-
taining a vefrigerant adsorbing substance and ada pted
to be mounted externally of the spacecraft in a posi-
tion where they are exposed to solar rediation when
the spaceeraft is attitude:oriented in flight, one of
said vessels containing rofricerant which has been
“adsorbed by the refrigerant-adsorbing substance;

first shutter means mountable on the spacecraft in a
position to be adapted to shade said first adsorber-
gencrator vessel;

second shutter means mountable on the spacecraft in
a position to be adapted 10 shade the second ad-
sorber-generator vessel, one of said shutter means
being in an opened condition to expose the adsorber-
generator vessel which contains refrigerant and the
other shutter means being in a closed. condition to
shade the other adsorber-generator vessel; -

a condenser having an inlet for receiving refrigerant
fluid and an outlet for discharge of szid fAuid;

an evaporator connected in fluid communication with
the outlet of said condenser and adapted to evapo-
rate refrigerant lzqmd introduced therein 1o thereby
produce nfrm‘, ion by exiracting hzat from its
environinent, said f*‘.laporator having an outlet for
the discharge of refrigerant fluid;

2 conduif system comprising 2 condenser inlét coridu it
communigating with the inlet of the condenser, an
evaporaior exit conduit communicating with the ou-
let of the evaporator, and 2 pair of flow conduits
respectively communicating with the openings of
said adsorber-generator vessels:

valve means installed in said conduii system and oper-
able in a first control position for communicating
the flow conduit- assecialed with the exposed ad-
sorber-generator vessel with the condenser inlet
conduit and for communicating the flow conduit as-
sociated with the other adsorber:generator vessel

I
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porator ¢xit conduit, said valve means
“I:; in a second ‘,efmfﬂ position for
conncc’ions of the flow conduits with
r inlet ‘conduit and the evaporator exit

with the ev
bheing one
TevVe l’&)uQ
the. conde
conduit;’
wick means
ing the ligu
fima where

12 cuilet of said condenser for separat-
3 znd gaseous phases of the refrigerant
refrigerant fluid is communicated to

the evaporzior from the condenser by wicking ac-

tion; and
automatic co:z{ol mezns for operating said first and

er means 10 reverse the conditions of

non-exposure of the adsorber-genera-
tor vesszls n thé exposed adsorber-generator ves-
: h i v depleted of refrigerant fluid and
usly positioning said valve means to

second sk
exposure &n

dn
3

for simultzneo

reverse the conneclions of the adsorber-generator
5:5 with the inlet of the condenser and the

N

space ﬁight, said ;pparaiu_s comprisix;g:
first and sccond adsorber-generator vessels each con-
taining a refrigerant adsorbing substance ‘and adapt-

ed to be 1 ted externally of the spacecraft in a

position where they are exposed to solar radiation

when the spzacecraft is attitude-oriented in flight,

one of s2id vessels containinyg refrigerant which has
hed

been adsoc by the refrigerant-adsorbing sub-
sfance;

first shutter means mountable on the spacecraft in a

position to be zdapied to shade said first adsorber-

gznerator vessel;

second shuiter means moantab]e on the spacecraft in
a position io be adapted {o shade the second ad-
sorber-generater vessel, one of said shatter means

i d condition to expose the adsorber-

ch contains refrigerant and the
other shutizr means being in a closed condition 1o
shade cother adsorber-generator vessel;

a condenser having an inlet for receiving refrigerant
fiuid and an oulet for discharge of said fluid;.

whi

the

an evaporator connected in fmd communication with-

the outlet
rate refri
produce re
environmeani,
the disct
a conduit sz
commun

id condenser and adapted to evapo-

Hquid introduced the.2in 10 thereby
ration by extracting heat from its

<3 d evaporator having an outlet for

of refrigerant fluid;

comprising a condenser. inlet conduit
with the inlet of the condenser, an

lb

evaporater exit conduit communicating with the out-
fet of the evaporator, and a pair of flow conduits
respective communicating with the openings of
said adsoroer-generator ves;els,

valve mean J ed in said conduit system and oper-
able in a first control position for communicaiing
the fow 1 associaled with the expased ad-
sorber-generaior vessel with the condenser injet con-
au-t and for communicating the flow conduit as-

the other adsorber-generator vessel
orzter exit conduit, said valve means
¢ in a second control position for re-
'c, ns of the flow cohduils with
conduit and the evaporator exit

silet of said condenser for separat-
seous phases of the refr

ciion;
meéans for
' from the condenser before communicating to the
evaporator; and
automatic conirel means for 0pcmtmsz said first and

reducing the pressure of refrigerant fluid

sr means 1o reverse the conditions. of

sccond sh

«t
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for operation in
comprising:

8

exposure and nen-exposuyte of the adsorberrgenera-
for vessels when the exposed adsorber-generator ves-
sel is substantially depleted of refrigerant fluid and
for simultaneously positioning said valve means to
reverse the connectiops of the adsorber-generator
flow conduits with the inlet of the condenser and
the outlet of the evaporator,.

3 Refrigeration apparatus for cooling components in

a spacecraft which s adapted to be amtudemnented
10+ in space flight,

aid apparatus comprising:

first and ““""{‘0 adsorber-generator \'csscls each con-
taining a refrigerant adsorbing substance and adapted
to be mounted externally of the spacecraft in a posi-
tion where they are exposed to solar radiation when
the space-craft is attitudgz-criented in flight, cné of
said vessels Containing refrigerant which has been
adsorbzd by the refrigerant-adsorbing substance,

first shutter means mountable on the 5p'1cc..raf£ in a
p0> tion to be adapted to shaae sazd first adsorber-

generator vessel;

second shutier means mountable on the spacecraft in
& position to be adapted to shade the second ad-
sorber-generator vessel, one of said shutter means
being in an opened condition to expose the adsorber-
generator vessel which contains refrigerant and the
other shatter means being in a closed condition to
shade the other adsorber-generator vessel;

a condenser having an inlet for receiving refrigerant
fluid and an outlet for discharge of said fluid;

an evaporator connected in fluid communication with
the outlet of said condenser and adaph.d to evap-
orate refrigerant liguid intrgcuced therein to there-
by produce refrigeration by extracting heat from its
environment, said evaporater having an outlet for
the discharge of refrigerant fluid;

a conduit system including valve means for. com-
municating the exposed absorber-generator wvessel
with the Ialet of the condenser and the other of said
vessels with the outlet of the evapweralor whereby
refrigerant libergted from the exposed .adsorber-
generator will be communicated {o the condenser
for circulation through the condenser and evap-
orator;

porous wick means occluding the outlet of said con-
denser for szparating the liquid and gaseous phases
of the refrigerant fluid whereby refrigerant liquid
is communicated to the evaporator by wicking ac-
tion;

means for reducing the pressure of refrigerant fuid
from the conderser before communicating to the
evaporator; and

an automatic control means for operating said first
and second shutter means to reverse the conditions
of exposure and non-exopsure of the adsorber-gen-
erator vessels when there is substantial depletion
of refrizerant fluid in the exposed adsorber-genera-
tor and for. simultaneously actusting said valve
means to reverse the connections of the adsorber-
generator vessels with the inlet of the condenser
and the outlet of the evaporator.

4. An adsorption tvpe refrigeration system adapted

a zers gravity énvironment, said sysiem

nd adsorber-generdior vessels each con-
and hav-
refrig-

first and <
toining a refrigerant ad)mhmﬁ wbx nce
ing an cpening
erant fluid
teining refrigerant which has been adsorbed bv the
rbing substance, said refrigsrant con-
taining vessezl being exposed to sclar radiation and
the oiher of said vessels being shielded from solar
radiation; . .
a condenser having an inlet for receiving refrigerant
fluid and an ouﬂct for discharging of said §
an évaporator connccted in fluid communication with
the ountlet of said condenser and adapted to evaporaie

for recs

refrigar




automatic control meaps for

an automatic
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refrigerant liquid introduced therein (0 thereby pro-
duce refrigeration by cxwacting heat from ils en-
vironment, said evaporator having an ontlet for the
discharge of refrigerant fluid;

conduit’ system comprising a condenser inlet con-
duit communicating with the inlet of the condenszr
and an evaporator exit conduit communjcating with
the outict of the evaporator and a pair of flow con-
duits respectively communcating with the openings
of said adsorber-bcmrato; vessels;

valve means installed in said conduit system and op-

erable in a first position for communicating ihe flow.
conduif associated with the exposed ads orbs.r-gen-.
erator vessel with the condenser inlet conduit and
communicating the flow condait associated with the
other adsorber-generator vessel with. the evapora-
tor exit conduit, szid valve means being operable in
a second position for reversing the connections of
the flow conduits with the condenser inlet conduit
and-the evaporator exit conduit;

‘a porons wick occluding the outlet of said condenser

for separating the liguid and gascous phases of
the refrigerant fluid whereby refrigerant fluid is
coémmunicated to the evaporator by wicking action;

means for reducing the préssure of refrigerant fluid

from the condenser before cemmunicating to the
evaporator; and

eriodically reversing the
conditions of exposure and non-exposure of the ad-
sorber-generator vessﬂs to solar radmtnon and ac-
tuating said valve means to reverse the connections
of the ad <orb-2r-"em_uto. flow conduits with the in-

let of the condenser and the ouﬂet of the evapora- -

tor.

5. Refrigeration apyaratus for cocling components in

a spacecraft which is adapted to be attitude-oriented in
“space flight, said apparalus comprising:
first and sz

cond adsorber-generator vessels each con-
taining a refrigerant absorbing substance and adapted
to be mounted externally of the spacecraft in a posi-
tion where they are exposed 10 solar radiation when
the. spacecraft is attiiude-criented in flight, one of
said vessels containing refrigerant which has been
adsorlbed by the refrigerant- adsorbirg subsfance;
ﬁf:t means mouniable on-the spacecraft and operable
(o alternately shade and expose the first adsorber-
gener tor vessel from solar radiation; secand n.=ans
mouninble on the spacecraft and operable to alwr-
nately shade and expose said second adsorber-gen-
eralor vessel, one of said means being conditioned
to expose the adsorber-generator vessel which con-
taips refrigerant and the other said means being
cperably conditioned to shade the other adsorber-
generalor vessel;.

a condenser having an ianlel for receiving rPfriwerant
fluid and an outlet for discha irge of said fleid

an evaporator connected in finid uo"nmumcauon with
the outlet of snid condenser, said evaporater hav-
ing an outlet’ and mhp:z.d 1o evaporate refrigerant
liguid introduced therein to thereby produc,e re-
friceration by extracting heat from its environment;
a conduit system including valve means for commini-
cating the expossd adsorber-generator vessel with
the inlet of the dnjc;’.\f_r and the other of said ves-
sels with the out ‘aporator m;ﬂrcbg re-
{rigerant liberated from osed adsorber-gen-
erator will be communicated to the condenszsr io be
cendensed thcrcby,

porous wick means in the outlet of said condenser for
separating the licuid and gaseous phases of the ré-
frigerant finid whereby rLf rigerant liguid is communi-
cated to the cm;ruruiof from the condenser by wick-
ing action; and

contrel means for operating said first
and second means to Teverse the copdititons of ex-
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posure and non- -CXposure of the adsorber-penerator
vessels when there is substantial depiziden of re-
frigeran: fluid in the exposed adsorber-genarafor and
for simultanecusly actuating said valve means to re-
‘verse the connections of the adsorber-generator ves-
sels with the inlet of the condénsc 1 and the outlet
of the evaporator.

6. In combination with a spacecraft which is adapted
to be zttitudz oriented in space flight:
an ndsarpuon rem;crmon apparatus which is capable

first means mounted on the

frigerant-

of operation in a zero gravity environment, said re-
frigeration apparatus comprising first and second
adsorber»::ez.s:.uor vessels, each containing a re-
orbing substance and mounted external-
ly of said spacecrait in position where they are
adapted to ‘be exposed to solar radiation when the
spacecraft is attitude-oriented; )
spacecraft and operable to
alternately shade and expose said first adsorber-

* generator vessel from solar radiation;
second means mounted on the spacécraft and operable

to aliernately shade and expase said second adsorber-
generator vessel, one of szid means being operably
conditioned to expose one of said adsorber-generator
vessels and the other said means being operably
conditioned to shade the other adsorber-generator
vessel;

a condenser and cvaporator in series fluid communica-

tion, said condenser having zn ialet for receiving
refrigerant fiuid and s:id evaporator having an out-
let for said fluid;

a cenduit syslem including valve means for communi-

cating the exposed adsorber-generator vessel. with
the inlet of the condenser and the other of said ves-
sels with the outlet of the evaporator;. and

automatie contrel means for operating said first and

7.

operation in a zero gravity cnvironment,

second means {o reverse the conditions of exposure
and non-exposure of the adsorber-génerator vessels
when there s depletion of refrigerant fiuid in the
exposed adsorber-generator vessel, said aumn’anc
control means simultaneously actuating sail vuiv2
means to reverse the cennections of the adsorber-
generator vessels with the inlet of the condenser and
the outlet of the evaporator.

An adsorpuon iype refrigeration sysiem adapled for
said system

comprising:
first and second adsorber-generator vessels each con-

taining refrigerant-adsorbing substance and adapted
10 be exposed to solar radistion, one of said vessels
containing refrigerant which has been adsorbed by
the refrigerant-adsorbing subsfance, said refrigerant-

- containing vessel being exposed to solar radiation and

a

the other of said vess:zls being shiclded from solar.
radiation;

condenser having an inlet for receiving refrizerant
fluid and an outlet for d:cc!‘arﬂing of szid fluid;

an eveporator comnected in fluid communication with

&

the outlet of said condenser and adzip{ed to evaporale
refrigerant liquid introduced therein to thereby pro-
duce refrigeration by extracting heat from ifs en-
vironment, said cvaporator having an outel for the
discharae of refriger :mt fluid;

conduit sysiem including valve means for communi-
cating the expos lsorber-generator vessel with the
inlet of the condenser and the other of szid vessels
with the outlet of said evaporior whereby refrigerant
liberdt:d from the exposed adsorber-gencrator will
be co:nmunicated to the condenser for c;rcuhtson
through the condenser and evaporator;

a porous wick occluding the outlet of said condenser for

separaling the liguid and gaseous phases of the re-
frigerant fluid whereby refrigerant liquid is com-
municated. to the evaporaior by wicking action;
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means for reducing the pressure of refrigerant fluid
from the condenser before communicating io ihe
evaporator; and .

an azutomatic control means for periodically reversing
the conditions of exposure and non-exposure of the
adsorber-generator vessels to solar radiation and
simultaneously actuating said valve means to reverse
the connections of the adsorber-generalor vessels
with the inlet of the condenser and the outlet of the
evaporalor. . : )

8. An adscrption type refrigeration system adapied for
operziion in a zero gravity environnicnt, said system
comprisinz;

first and sscond adsorber-generator vessels each con-
taining a refrigerant-adsorbing substance and adapted
to be exposed to colar radiation, one of said vessels
containing refrigerant which has been adsorbed by
the refricerant-adsorbing substance, said refrigerant-
containing vessel being exposed to solar radiation
and the ciher of said vessels being shielded from
‘solar radiation;

‘a condenszsr having an inlet for receiving vefrigerant
fiuid and an oudet for discharge of said fluid;

an cvaporator connected in fluid conamunization with
the outlet of said condenser and adapted to evaporate
refrigerant liguid introduced thercin to thereby pro-

-Cuce refrigeration by extracting hest from its en-

vireament, said evaperator having an outlet for the
divcharge of refrizerant fluid;

a cendiit system including valve means for communi-
cating the exposed adsorber-generator vessel with the
inlet of the condenser and the other of said vessels
with the outle? of the evaporator whereby refrigerant
Tberated from the cxposed adsorber-generator will

~ be circulated through the condenser and evaporator;

a porous wick occluding the outlet of said condenszr

' for separating the licnid and gaseous phases of the
refriverant fiuid whereby refrigerant hguid is com-
municated fo the evaporater by wicking action; and

an automatic conirol means for periodically reversing
the conditions of exposure and non-expesure of the
adsorber-generator vessels to solar radiation and
simultanzscusly actuating said valve means to reverse
the connections of the adsorber-generator vessels
with the condenser and evaporator,

9. Refrigeration apparatus for cooling components in
a space craft which is adapted to be attitude-oriented in
space fight, said epparatus comprising:

first 2and second adsorker-generator vessels each con-
taining a refrigerant adsorbing substance and adapted
to be mounted externally of the space craft in a posi-
tion where they are exposed to solar radiation when
the space craft js auitvde-criented in flight, one of
said’ vessels containing refrigerant which has been
adsorbed by the refrizerant-adsorbing substance;

{ ans mountable on the space craft and operable
to aiternately shade and expose said first adsorber-

£

enerator vessel from solar radiation;

=h

=

I
o

ge

second means mouniable on the space craft and oper-
able to alternately shade and expose the second ad-
sorbef-zenzrator vesszl from solar radiation, one of
said being operably conditioned to expose ilie
adsorb nerator vessel which contains refrigerant
and her said m i
1o shi r-generalor vessel;

ac for receiving refrigerant

an evaporater connected in fuid communication with

the ourlet of said condenser and adapied 1o evapo-
izerant Yiguid introduced therein fo thereby
-eration by extracting beat froo iis en-
d eviporator having an outlet for the

n comprising a condenser inlet conduit
commaunicaling with the inlet of the condenser, an
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“evaporator exit conduit connmunicat

ing with the out-
Jet of the evaporator, and a poir of flow Fond::sts ;cci
spectively conimunicating with the openings of sai

adsorber-gencrator vessel; :

means of occluding the outlet of said condenser {or sep-

arating the liquid and gascous phases of the refriger-
ant fluid whereby refrigerant liquid is communiczted
to the evaporator;

valve means installed in said conduit system and oper-

able in a first control position for communicating the
flow conduit associaled with the exposed adsorbex‘"-
penerator vessel with the condenser inlet co’r}du:t
and for communicating ihe flow conduit agsociated
with the other adsorber-generator vessel with the
evaporator exit conduit, said valve means being oper-
able in a second controi position for reversing the
connections of the flow conduits with the condenser
inlet conduit and the evaporator exit conduit; and

aulomatic control means for operating said first and

second means to reverse the condition of exposure
and pon-exposure of the adsorber-generator vessel
when the exposed adsorber-gencrator vessel js sub-
stantially depleted of refrigerant fluid and for simul-
taneously positioning said valve means fo reverse
the connections of the adsorber-géneratior flow con-
duits with the inlet of the condenser and the outlet
of the evaperator.

19. An adsorption type refrigeration system adapted for
operation in a zero gravity environment, said system com-
prising: :

first and second adsorber-generator vessels each con-

a

taining a refrigerant-rdsorbing subsiance and having
an opening for recewving or discharging refrigerant
fluid therethrough, one of said vessels containing
refrigerant which has bezn adsorbed by the re-
frigerant-adsorbing substance, said refrigerant con-
taining vessel teing exposed to solar radiation and
the other of sald vessels being shielded from solar
radiation; i

condenser having .an inlet for receiving refrigerant
fluid and an outlet for discharge of said fluid;

an evaporator corrected in fluid communication with

the outlet of said condenser and adapted to evapo-
rate refrigerant liquid introduced therein to thereby
produce refrigeration by extracting heat from its
envirohment, said evaporator baving an outlet for
the discharge of refrizerant fluid;

conduit system comprising a condenser inlet con-
duif communicating with the inlet of the condenser
and an evaporator exit conduit commuricating with
the outlet of the evaporator and a pair of flow con-
duits respectively comimunicativg with the openings
of said adsorber-generator vessels;

means occluding the outlet of said condenser for sepa-

valve means installed in said conduit svs

rating the lignid and gaseous phasss of the re-
frigerant fluid whereby refrigerant liguid is communsi-
cated to the evaporator;

erable in a first position for communicating the flow
conduit associated with the exposed adsorber-gen-
erator vessel with the condenser inler conduit and
communicating the fiow conduit associated with the
other adsorber-generator vessel with the evaporalor
exit conduit, said valve means being operable in 2

nd position for reversing the conneciions of
the flow conduits with the condenser inlet conduit
and the evaporator exit conduit; and

an automatic control means for pericdically reversing

the conditions of exposure and ndn-exposure of the
adsorber-generator vessels to solar radiation and
actuating said valve means fo reverse the connection
of tpe adsorber-geneistor flow conduits with the
inlet of the condenser and the outlet of .the evapo-
rator, :
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11. Adsorption refrigerating apparatus comprising:

first and sccond adsorber-gencrator vessels enth con- -

taining a substance adupted to adsorb a refrigerant
fluid; ) -

a first means adapted to alternately shade and expose
said first adsorber generator from solar radiation;

a second means adapted to alternately shade and ex-
pose said second adsorber-generator {rom solar radia-
tion, one of said means being operably conditioned
to expose one of said adsorber-gererator vessels to

10

_ solar radiation and the other said meéaas being op-

erably condition to shade the other of said vessles;

a condenser and evaporator in serics fluid communica-
tion, said condenser having an inlet for receiving a
refrizerant fluid and said evaporator having an out-

15

let for said fluid whereby refvigerant fiuid circulated |

through the condenser and evaporator will be suc-
cessively condensed and evaporated to produce re-
frigeration;

a conduit system including valve means for communi-
cating the exposed adsorber-generator vessel with
the inlet of said condenser and the other of said
vessels with the outlet of said evaporator;

20

14

means cccluding the outlet of said condenser for sepa-

rating the liguid and gasebus phases of the re-
frigerant fluid whereby refrigerant liquid s com-
municaled to the evaporator; :

auiomalic control means for operating szid first and

szcond means to reverse {he conditions of exposure
and non-exposure of the absorber-generator vesscls
when there is-substantial depletion of refrigerant
fluid in the cxposed adsorber-generator vessel, said
automatic control means simultanecously actuating
said valve means (o reverse the connections of the

" adsorber-generator vessel with the inlet of the con-

denser and the outlet of the evaporator,
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